Abstract. Environmental substances seem to be involved in the etiology of breast cancers. Many studies have found an association between human cancer and exposure to agricultural pesticides such as the organophosphorous pesticides. Parathion is a cholinesterase inhibitor that induces the hydrolysis of body choline esters, including acetylcholine at cholinergic synapses. The primary target of action in insects is the nervous system whereby pesticides inhibit the release of the enzyme acetylcholinesterase at the synaptic junction. Atropine is a parasympatholytic alkaloid used as an antidote to acetylcholinesterase inhibitors. The aim of this study was to determine the effect of parathion and atropine on cell transformation of human breast epithelial cells in vitro. These studies showed that parathion alone was able to induce malignant transformation of an immortalized human breast epithelial cell line, MCF-10F as indicated by increased cell proliferation, anchorage independency and invasive capabilities. There was also an increase in c-kit, Trio, Rho-A, Rac-3, EGFR, Notch-4, Dvl-2, Ezrin, ß catenin and mutant p53 protein expression in the parathion-treated cells. However, atropine significantly inhibited this increase. In a human cell cycle array of 96 genes, 13 of them were altered by parathion treatment. Among the genes affected were the cyclins, such as cyclin D3, the cyclin-dependent kinases (CDKs) such as CDK41 and the minichromosome maintenance deficient (MCM) MCM2 and MCM3. It is suggested that parathion influences human breast epithelial cell transformation and is an initiator factor in the transformation process in breast cancer.
Introduction
Breast cancer is the most common neoplasm that affects women worldwide with approximately 1 in 11 developing the malignancy and 1 in 30 dying from the disease (1, 2) . Organophosphorous compounds are the most widely used pesticides by virtue of their biodegradable nature and short persistence. These compounds not only produce biological and pathological changes but also cause significant biochemical alterations. Organophosphorous compounds have been used in medicine for various treatments, such as miastenia gravis, glaucoma, vesical atony, cancer treatment (3) and Alzheimer's disease (4) . In the chemical industries, these compounds have been used as additives in oil dissolvents in the dye industry and in artificial leather. Parathion, in particular, is used to control mosquitoes and insect plagues. It is also present in lotions and shampoos marketed for the treatment of head lice and mites for use by human beings (5) .
The organophosphorous pesticide parathion [O,O-diethyl O-(4-nitrophenyl)-phosphorothioate)] is involved in the inhibition of acetylcholinesterase with a subsequent impairment of normal nervous function at cholinergic synapses (6, 7) . The inhibition of this enzyme consequently leads to excessive acetylcholine accumulation at the synapses and neuromuscular junctions, which ultimately results in the overstimulation of acetylcholine receptors. Atropine is a parasympatholytic alkaloid used as an antidote to acetylcholinesterase inhibitors and acts through competitive occupation of muscarinic cholinergic receptors (7) . Parathion, an organophosphorous pesticide is not an established human carcinogen but we recently reported that this substance induced mammary tumors after subcutaneous injection in the rat (8) . Atropine, on the other hand, inhibited the effect of this substance and did not induce tumors.
The development of tumor initiation appears to involve increase in cell division as well as increase in risks of genetic damage that induce activation and/or changes in the expression of oncogenes and the loss or inactivation of tumor suppressor genes (9) (10) (11) . Thus, transformation of breast cells leads to regulation of signal transduction pathways, abnormal amplification of growth signals, and aberrant expression of genes that ultimately transform the cells into invasive cancer. The complex series of cellular and molecular changes that occur through the development of cancers can be mediated by a diversity of endogenous and environmental stimuli. Specific abnormalities convert normal cells to latent tumor cells by altering genetic material. Therefore, knowledge of these specific genetic changes is critical to an understanding of the disease. Transformed cells can be identified by both morphological and molecular changes, e.g. lack of anchorage independency, invasive characteristics and differentially expressed genes (12) (13) (14) (15) (16) .
Several genes selected in this study were taken into consideration due to the altered differential expression observed in the cDNA arrays performed previously with transformed cells (12) . Among them c-kit, Trio, Rho-A, Rac-3, epidermal growth factor receptor (EGFR), Notch-4, Disheveled homolog (Dvl-2), Ezrin (villin 2), ß catenin and mutant p53 were up-regulated in comparison to the control cell line. Proliferative signaling pathways often begin with the activation of a receptor tyrosine kinase by a growth factor, although activation of some G-protein-coupled receptors can also activate certain branches of this signaling pathway. The c-kit is a proto-oncogene identified as a member of the receptor tyrosine kinase family. It is closely related to the platelet-derived growth factor receptor and is expressed in breast cancer (17, 18) .
Trio is a protein tyrosine phosphatase which is membrane-associated or localized in nuclei (19) . Trio may exhibit Rac-specific activity or Rho-specific activity. Rac 1 is a GTP-binding protein of the Ras superfamily which regulates many fundamental processes in all eukaryotic cells such as growth, vesicle traffic and cytoskeletal organization (20) (21) (22) . Depending on the proteins that are subsequently recruited by the activated receptor, several downstream signaling pathways may be activated (23) .
EGFR promotes cell proliferation and differentiation and is part of a subfamily of four closely related receptors EGFR (ErbB-1), neu (ErbB-2), Her 3 (ErbB-3) and Her 4 (ErbB-4) (24). HER 2 (ErbB-2, Neu) and HER 3 (ErbB-3) are other members of the EGF receptor family that do not have wellcharacterized ligands (25, 26) . It is on the surface of cells to which epidermal growth factor (EGF) binds; EGFR is found at abnormally high levels on the surface of many types of cancer cells (27) .
The Notch genes are expressed in a variety of tissues suggesting that they are involved in multiple signaling pathways. The LIN-12/Notch family of transmembrane receptors is believed to play a central role in development by regulating cell fate decisions (28) . The 280-330-kDa Notch proteins are overexpressed or rearranged in human tumors (29) .
The Dvl gene regulates cell proliferation and is a human homolog of the Drosophila Dishevelled gene (dsh) that encodes a cytoplasmic phosphoprotein acting as a transducer molecule for developmental processes (30) . It may be involved in controlled proliferation and migration of vascular endothelial cells. Both dsh and frizzled proteins (Ezrin) are components of the WNT signaling pathways (31, 32) .
E-cadherin and ß catenin are important epithelial adhesion molecules in normal epithelium. The 92-kDa catenin ß associates with the cytoplasmic portion of E-cadherin, which is necessary for the function of E-cadherin as an adhesion molecule (33) . Loss of E-cadherin -ß catenin adhesion is an important step in the progression of many epithelial malignancies (34) .
The p53 gene has been identified as an important tumor suppressor gene in normal cells and is involved in regulation of the normal cell cycle. When it is inactivated, cells may undergo uncontrolled proliferation (35, 36) . When mutant p53 fails to mediate any of these effects, the uncontrolled proliferation occurs in the absence of wild-type p53. This effect yields a high level of genomic instability that is a common abnormality detected in primary breast cancer. Thus mutant p53 increases from 13% to 50% as breast cancer progresses from early in situ to advanced metastatic lesions (36, 37) .
The genes essential for DNA damage and mitotic spindle checkpoints, as well as genes in APC ubiquitin-conjugation complexes are represented in a human cell cycle gene array (38) (39) (40) (41) (42) . It contains genes related to the S phase such as the cyclins (A1, A2, C, G1, G2, H), CDKs and minichromosome maintenance deficient (MCM). The aim of the present study was to determine whether MCF-10F, a normal breast cell line is altered by the organophosphorous pesticide parathion (parathion-ethyl) as indicated by features of transformation and differentially expressed genes assessed with cDNA arrays of human cell cycle; and whether atropine acts as an antidote for such substances and reduces such effects.
Materials and methods
Cell lines and treatment. The spontaneously immortalized cell line MCF-10F that arose from a mortal human diploid breast epithelial cell line (43) was used in this study. It shares most of the structural characteristics of a normal epithelium (13, (43) (44) (45) (46) . To determine the effect of pesticides in MCF-10F on cell proliferation, cells were treated with 100, 200, 400 or 800 ng/ml of parathion. This substance was also analyzed in combination with atropine at doses of 0, 62.5, 125 and 250 μg/ ml. Cell proliferation was determined by using the trypan blue exclusion method. MCF-10F was treated with 100 ng/ml parathion and 125 ng/ml atropine during 20 passages before performing the subsequent experiments.
Anchorage-independent and cell invasion assay. To test for cell growth in semi-solid medium, cells in passage 20 after parathion treatment were trypsinized and plated at a density of 2x10 5 cells in 10 ml of 0.35% agarose over a 0.7% agar base in 100-mm culture dishes as described (13, 45) . Media were replenished every other day and colonies with more than 50 cells were scored after 4 weeks in culture. Invasiveness was carried out as described previously (13, 46) using modified Boyden's chambers (Transwell; Costar, Cambridge, MA). The inserts were converted into invasion chambers by applying a layer of basement membrane onto the surface of microporous filters in each unit. Briefly, the 8-mm-diameter filters (8-μm pore) of cell culture inserts were coated with 60 μg/ filter basement membrane of matrigel (Collaborative Research, Bedford, MA) reconstituted with 100 μl of MEM with 0.1% bovine serum albumin (BSA) (Collaborative Research). Such filters were coated and dried overnight. Exponentially growing control and treated cell lines were trypsinized, harvested, suspended in DMEM plus horse serum, and 3x10 4 cells/chamber were added to the upper chamber. Fibronectin (Collaborative Research) was used as a chemo-attractant at a concentration of 1 μg/chamber in 0.5 ml of MEM with 0.1% BSA and placed in the lower chamber. The cells on the upper surface of the filter were kept for 20 h at 37˚C in 5% CO 2 , and after this period cells from the top were removed by wiping with a cotton swab. The total number of cells that crossed the membrane was counted under a light microscope. Experiments were performed three times.
Oncoprotein expression determined by confocal microscopy.
Exponentially growing control and treated cells were plated on a glass chamber slide (Nunc Inc., Naperville, IL), as previously described (13, 15) . Cells plated at a density of 1x10 4 in 1 ml of medium were allowed to grow for 2-3 days. Cells were fixed with buffered paraformaldehyde in PBS (pH 7.4), blocked with endogenous peroxidase with 1% H 2 O 2 in methanol for 30 min and incubated with the corresponding primary antibodies at a 1:500 dilution overnight at 4˚C. The c-kit (sc-168) rabbit polyclonal, Trio (sc-6061) rabbit polyclonal, Rho-A (sc-418) mouse, Rac-3 (sc-16698) goat polyclonal, EGFR (sc-03) rabbit polyclonal, Notch-4 (sc-8644) goat polyclonal, Dvl-2 (sc-7399) goat polyclonal, Ezrin (sc-6407) goat polyclonal, ß catenin (sc-7963) mouse monoclonal and mutant p53 (Pab240, sc-99) mouse antibodies were used (Biotechnology Inc., Santa Cruz, CA). Cells were incubated for 60 min at room temperature with anti-mouse rhodamine-conjugated secondary antibody (Jackson ImmunoResearch Lab., West Grove, PA) at a 1:1000 dilution. Slides were mounted with Vectashield mounting media (Vector Laboratories, Burlingame, CA). Controls included cultures stained with either the primary or secondary antibodies alone to monitor the background staining. Cells were viewed and quantified on Zeiss Axiovert 100 TV microscope (Carl Zeiss, Thornwood, NY) using a x40 11.3 NA objective lens equipped with a laser scanning confocal attachment (LSM 410 Carl Zeiss). To excite the rhodamine secondary antibody the fluorescent images were collected by an argon/krypton mixed gas laser (488 nm). Fluorescent images were collected in black and white and changed to green or red color by Photoshop. Composite images were quantified by using Adobe Photoshop, version 5.0 and printed on a Kodak DS 8650 printer (Rochester, NY). A semi-quantitative estimation based on the relative staining intensity of protein expression by the control and transformed cells was determined. This computer program indicates the area and the intensity of the staining of the cells present in the culture dishes. The number of immunoreactive cells was counted in several randomly selected microscopic fields per sample. The experiments were repeated with three similar passages. Standard errors of mean are shown in the different figures. Statistical analysis was performed with the F-test (Randomized Block) and comparisons between groups with the Bonferroni t-test with significance at P values of<0.05.
Isolation and purification of total RNA and mRNA. Total RNA was isolated from both the control (MCF-10F) and treated cell lines with TRIzol reagent (Invitrogen Corp., Long Island, NY). Each sample comprising 500 μg of total RNA, was treated with 5 μl of DNase I (10 U/μl) (Boehringer Mannheim, Indianapolis, IN) for 60 min at 37˚C. Then 10X Termination Mix (0.1 M EDTA, pH 8.0 and 1 mg/ml glycogen) (Clontech, CA) was used to stop the reaction. Each sample was then purified following established procedure (12, 47) . The amount of each purified RNA sample was first measured by a spectrophotometer (the ratio of absorbance reading at 260 nm/280 nm should be >1.8) and then electrophoresed on denaturing formaldehyde/agarose/ ethidium bromide gel, to check its quality and purity from proteins and Table I . Differentially expressed genes in atropine-and parathion-treated cells.
Arrow indicates the up-regulated expression; arrow indicates the down-regulated expression; and (-) indicates no change in expression of each gene with respect to control MCF-10F. To note, both the up-regulation and down-regulation of gene expression between 2-and 5-fold alterations were taken into consideration.
-
free nucleotides. Each sample of 500 μg of purified total RNA was then subjected to polyA + RNA analysis with the Oligotex mRNA Purification kit (Qiagen Inc., Valencia, CA). PolyA + RNA was then purified following established procedures (47) .
cDNA expression array and synthesis of cDNA probes from mRNA. GE Array Q Series Human DNA cell cycle cDNA expression array membranes were purchased from SuperArray (Bethesda, MD). They are designed to profile the gene expression of a panel of 190 key genes associated with cell cycle (Table I ). The purified mRNAs were used for the synthesis of cDNA probes with Biotin-16-dUTP (Roche Pharm. Indianapolis, IN). Annealing mixture was prepared by mixing ~1.0-5.0 μg of mRNA with 3 μl of Buffer A (GE primer mix) (SuperArray) and the final volume was adjusted to 10 μl. The mixture was then incubated in a preheated thermal cycler at 70˚C for 3 min, cooled to 42˚C and kept at that temperature for 2 min. Then 10 μl of RT cocktail was prepared by mixing 4 μl of 5X Buffer BN [for 50 μl 10X Buffer: 1 μl of 1 M DTT and 50 μl of 10X dNTP mix (5 mM dATP, dCTP, dGTP and 500 μM dTTP)], 2 μl of Biotin-16-UTP, 2 μl of RNase-free H 2 O, 1 μl of RNase inhibitor (Promega Corp., Madison, WI) and 1 μl of MMLV reverse transcriptase (Promega Corp.). RT cocktail was then warmed at 42˚C for 1 min and slowly mixed with 10 μl of prewarmed annealing mixture. Then incubation was continued at 42˚C for 90 min, and then the labeled cDNA probe was denatured by heating at 94˚C for 5 min, and quickly chilled on ice. In each cell line tested, mRNA was isolated and purified from different passages, and cDNA probes were prepared from each of them and hybridized to the respective membranes. Experiments using the same mRNA preparation were repeated two or three times, and measurable mediannormalized expression values of each gene were compared to avoid false-positive signals (12) .
Differential hybridization and chemiluminescent detection of cDNA expression array. Each array membrane was prewetted with 5 ml of de-ionized water and incubated at 60˚C for 5 min. This was then replaced with 2 ml of prewarmed (60˚C) GEAprehyb solution (GEAhyb solution with a heatdenatured sheared salmon sperm DNA at a final concentration of 100 μg/ml) (SuperArray) and mixed gently for a few seconds. Prehybridization was continued at 60˚C for 1-2 h with continuous gentle agitation. An approximate 0.75-ml solution of GEAhyb was prepared by adding the entire volume of denatured cDNA probe into GEAprehyb solution and kept at 60˚C. Then GEAprehyb solution was replaced by GEAhyb solution and incubation continued overnight with hybridization at 60˚C with continuous gentle agitation. Subsequently, array membranes were washed twice in wash solution 1 (2X sodium chloride sodium citrate and 1% sodium dodecyl sulfate) at 60˚C for 15 min each with gentle agitation and then twice with solution 2 (0.1X sodium chloride sodium citrate and 0.5% sodium dodecyl sulfate) at 60˚C for 15 min each with gentle agitation. GEA blocking solution (2 ml) was added to each membrane and incubated for 40 min at room temperature with continuous agitation. Then binding buffer was prepared by diluting alkaline phosphatase-conjugated streptavidin (AP) with 1X buffer F (SuperArray) in a 1:7500 dilution. GEA blocking solution was replaced by 2 ml of binding buffer and incubated for 10 min with continuous but gentle agitation. Then the membranes were washed 4 times with 4 ml of 1X binding buffer F for 5 min each time and rinsed twice with 3 ml of rinsing buffer G (SuperArray). After this procedure the membranes were covered with 1.0 ml of CDP-Star chemiluminescent substrate and incubated at room temperature for 2-5 min. They were then exposed to X-ray film (Kodak BioMax MS Film, Kodak Corp.) with a corresponding intensifying screen at room temperature for multiple exposures of 1-5 min. To assess the reproducibility of the hybridization array assays, pair-wise comparisons between array data sets for each cell line were tested by repeated hybridization, and the mRNAs prepared in different lots were analyzed in scatter plots with multiple regression (12) .
Quantification of array hybridization.
A densitometric scanner (model 300A; Molecular Dynamics, Sunnyvale, CA) was used to quantify the hybridization signals on the expression array membranes after exposure to the autoradiographic film and this was estimated with ImageQuant (Molecular Dynamics) and ScanAnalyze program (Eisen Lab). Volume quantification was performed by calculating the volume under the surface created by a three-dimensional plot of pixel locations and pixel values as described (12) . All raw signal intensities were corrected for background by subtracting the signal intensity of a negative control or blank. To delineate the potential signal interference between adjacent strong hybridization signals, equal-sized ellipses were drawn around each signal area (hybridization spots) using software (ImageQuant/ScanAnalyze) and were then separately scanned and compared with housekeeping genes in order to minimize the chances of interference between adjacent strong hybridization signals. Data from only higher concentration spots were used. Median background was subtracted, and signals that were <2.0-fold above the background level were considered too low to accurately measure and were omitted from the analysis.
Results
The spontaneously immortalized human breast epithelial cell line MCF-10F was used in this study. This cell line has a near diploid karyotype and has a luminal epithelial origin. It retains all the characteristics of normal epithelium in vitro, including anchorage independence, non-invasiveness and non-tumorigenicity in nude mice (13, 46) . Fig. 1A shows the origin and phenotypic characteristics of the cell lines used in this study. These results showed that parathion-treated cells grew as a contact-inhibited monolayer. Fig. 1B shows the invasive characteristics of MCF-10F cells after the various treatments scored at 20 h after plating onto the matrigel. The immortalized MCF-10F cell line did not show any invasive capability. Addition of parathion to the growth medium significantly (P<0.05) induced the invasive phenotype of the MCF-10F cells, yet atropine alone and in combination with parathion inhibited this effect. However, these two cell lines had a higher capacity than the control MCF-10F cells. Cell signaling pathways were examined with these cell lines by analyzing c-kit, Trio, Rho-A, Rac 3 ( Fig. 1C) and EGFR, Notch-4, Dvl-2, Ezrin (Fig. 1D) protein expression in MCF-10F, atropine-, parathion-and parathion plus atropine-treated cell lines. Results indicated that parathion significantly (P<0.05) increased the protein expression relative to controls and the atropine-treated cell line. Immunofluorescent staining of protein quantification by confocal microscopy indicated that atropine decreased the intensity of expression of all of these proteins in the parathion-and parathion plus atropinetreated cells when compared to control. Fig. 2A and B represents the immunofluorescent staining of protein expression by confocal microscopy of c-kit, Trio, Rho-A, Rac 3 and EGFR, Notch-4, Dvl-2 and Ezrin in MCF-10F, atropine-, parathion-and parathion plus atropine-treated cells. The images of protein expression showed that the nuclei of cells treated with parathion were significantly (P<0.05) more intensively stained than control, atropine-and parathion plus atropine-treated cell nuclei.
The effect of parathion, atropine and parathion plus atropine on cell proliferation was analyzed based on the total number of cells per dish. Fig. 3A shows the effects of several concentrations of parathion on cell proliferation of the MCF-10F cell line after 13 days. Parathion treatment induced cell proliferation at 100 ng/ml after 6 days. Dose-response studies indicated that cell proliferation was inferior to the control MCF-10F cell line at 200, 400 and 800 ng/ml of parathion after 9 days. Different doses of atropine are shown in Fig. 3B . Atropine significantly (P<0.05) reduced cell proliferation in comparison to the control MCF-10F cell line at 125 and 250 ng/ ml at 9 days. However, 62.5 ng/ml of atropine was similar to the control for cell proliferation activity. The combined effect of parathion and atropine induced a decrease in cell proliferation in comparison to control and atropine alone (not shown). Quantification of the immunofluorescent imaging of stained cells showed a significant (P<0.05) increase in both ß catenin and mutant p53 protein expression in MCF-10F cells treated with the pesticide compared with the control cultures as seen in Fig. 3C and D. Representative images of immunofluorescent staining of the expression of these two proteins in the MCF-10F, atropine, parathion and parathion plus atropine cell lines are shown in Fig. 3E and F. ß catenin protein expression was more intensively stained in the cytoplasm of cells treated with parathion than control, atropine and parathion plus atropine. The staining intensity for mutant p53 The images of protein expression showed that the nuclei of cells treated with parathion were more intensively stained than control, atropine and parathion plus atropine.
The normal cell line MCF-10F was compared with atropine, parathion and parathion plus atropine to identify differentially expressed genes of human cell cycle arrays after transformation. Results indicated that among the 96 genes, 13 were altered either by parathion, atropine or parathion plus atropine. These genes were related to the S phase of cell cycle such as the cyclins (A1, A2, C, G1, G2, H) (Fig. 4 and Table I ). Among them the genes affected exclusively by parathion were the cyclins, such as cyclin D3, the cyclin-dependent kinases (CDKs) such as CDKN2A and 
Discussion
It has been previously shown that the organophosphorous pesticide parathion induced rat mammary tumors (8) . Here the effect of parathion was evaluated on cell transformation and the protein expression pattern of several markers of signaling pathways in an in vitro model. The effect of this pesticide was analyzed on normal human breast epithelial cell line, MCF-10F. The first observable in vitro signs were morphological changes occurring after the 20th passage posttreatment that represented an early manifestation of transformation. The increase in the rate of cell proliferation indicated by a shorter doubling time, anchorage-independent growth and in vitro invasive capability suggested a very aggressive phenotype. This increased expression of the transformed phenotype among the pesticide-treated cells was consistent with other treatments of this cell line, such us DMBA, BP, high LET radiation · particles (13, 14, 44) in which the chemoinvasion, or the ability of transformed cells to cross basement membranes in vitro, was correlated with the malignant characteristics of the cells. By using a reconstituted membrane it was shown that the parathiontreated cells exhibited significant invasive capabilities in comparison to the control. However, atropine inhibited such an effect either alone or combined with parathion.
A great deal of progress has been made in understanding the pathogenesis of breast cancer allowing the development of useful tumor markers or signaling molecules of several pathways. It is well known that genetic changes which are relevant to tumor initiation often involve the accumulation of multiple abnormalities in individual cells. We have previously reported the identification of differentially expressed genes by cDNA expression arrays such as the c-Kit proto-oncogene, Ezrin (villin 2), Notch-4, EGFR/ERBBI, transforming protein RhoA and Dvl genes by high linear energy transfer radiation and estrogen-treated MCF-10F cell lines (12) . In these studies the same genes had elevated levels of c-Kit, Ezrin, Notch-4, EGFR/ERBBI, transforming protein Rho-A and Dvl protein expression in the parathion-treated MCF-10F cell line in comparison to control and parathion plus atropinetreated cell lines. Overexpression of the c-Kit protein has been found in breast cancer (17, 18) . Activation and/or enhanced expression of positive growth factor regulators and cellular oncogenes have been implicated in the progression of breast cancer (27) . The levels of EGFR, Notch-4, Dvl-2 and Ezrin protein expression were largely enhanced in the parathiontreated MCF-10F cell line in comparison to control and parathion plus atropine-treated cell lines. EGF probably influenced cell growth through its interaction with a cell surface glycoprotein EGF receptor.
Since it has been reported that c-Ha-ras has a number of effectors that impinge on the neoplastic phenotype, it was interesting to find that Rac as well as Rho-A were overexpressed in the parathion-treated cells. It can be suggested that Rho-A may have a role in the invasive capabilities observed in parathion-treated cells since Rho-A is involved in cell polarity and motility according to other reports. Since Rac 3 belongs to the Ras superfamily and regulates many fundamental processes in all eukaryotic cells such as growth, vesicle traffic and cytoskeletal organization, parathion may influence such effects. As Rac1 and Rac2 are almost identical and share binding with other members of the Ras family, it is possible that parathion not only altered c-Ha-ras but all of the other related proteins. Kleer et al (49) have analyzed the relevance of Rho proteins in tumor progression by studying protein levels in breast tumors. They found that Rho-A protein expression was higher in all breast tumor samples when compared to normal tissues originating from the same patient. Such an increase was correlated with histological grade and proliferation index in tumor samples. Thus Rho-A protein expression could be a good marker to identify breast cancer patients with a high risk of developing metastases, and it would be a prognostic marker useful in the clinic.
The catenin/cadherin complexes play an important role mediating cellular adhesion (33) . The function of the cadherin -catenin system in cell adhesion as well as intracellular signaling appears to be subjected to multifactorial control by a variety of different mechanisms (34) . The present study showed that ß catenin expression was increased in the invasive parathion-treated cell line. However, atropine inhibited the invasive capabilities and acted as an antidote to acetylcholinesterase inhibitors. It can be suggested that parathion altered the catenin complex and induced invasiveness characteristics. It was reported that when malignant transformation of human bronchial epithelial cells was induced with the tobacco-specific nitrosamine, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butatone an overexpression of ß catenin was observed (50) . ß catenin has been associated with breast cancer progression in vitro (14) . Changes in the morphological phenotypes were found in the human breast epithelial MCF-10F cell line transformed by benz (·) pyrene and transfected with c-Ha-ras oncogenes with higher ß catenin protein expression. Other authors have found that catenin, especially when it is expressed in the cytoplasm, seems to be a very sensitive prognostic marker with the E-cadherin complex in invasive breast cancer (33, 34) . The ß catenin also plays a role in intracellular signaling and functions as an oncogene when it binds to the T-cell factor named Tcf4-binding site in the promoter region of cyclin D1 and transactivates genes after translocation to the nucleus (33) .
This report is the first demonstration that an organophosphorous pesticide can induce cell transformation in a normal cell line such as MCF-10F which is normally negative for mutant p53 but became positive. Furthermore, atropine inhibited this action. Thus, it can be suggested that a loss of p53 function is possibly responsible for the genetic instability of these transformed cells. It has been previously reported that the overexpression of oncoproteins, such as mutant p53 is an important factor in the process of transformation of human breast epithelial cells induced by several carcinogens such as DMBA, BP as well as high LET radiation in the presence of estrogen (14, 44) . MCF-10F cell lines exposed to double doses of · particle radiation and treated with estrogen showed a very complex pattern of allelic imbalance. During the process of cell transformation the p53 gene was altered at 17p13.1 (48) . Several studies have shown that the expression of mutant p53 increases as breast cancer progresses from early in situ to advanced metastatic lesions (36, 37) . Post-translational modifications and activation of p53 by genotoxic stresses have been reported (51) indicating that pesticides may influence changes in the p53 gene.
The development of tumor progression appears to involve increase in cell division as well as increase in risks of genetic damage that induce activation and/or changes in the expression of oncogenes and the loss or inactivation of tumor suppressor genes. Thus, tumor cells may have altered genes related to their cell cycle. In summary, results of the present study clearly demonstrated that an organophosphorous pesticide induced phenotypic transformation of an immortalized human breast cell line indicating that these substances may influence carcinogenesis in the human. Thus, parathion was capable of altering cell proliferation and inducing transformation and altered protein expression in an immortalized normal human breast epithelial cell line, whereas a combination of this pesticide with atropine inhibited such effects.
